Company stock option plans have diverse "sunset" policies for modifying terms of options held by managers who exit the firm. In our S&P 500 sample, these forfeiture, vesting, and expiration provisions are less generous in companies characterized by fast growth, dependence on skilled human capital, and high strategic interaction with competitors. While these results apply for workers who retire at the end of their careers, almost no variation exists in the treatment of workers who resign with the possibility of working elsewhere. We show that these features of firms' option plans directly impact management turnover. For CEOs over age 60, companies' sunset rules imply large discounts to option award values and estimates of total compensation.
I Introduction
This study investigates how companies treat executive stock options when managers leave their positions due to retirement, resignation, or death. The substantial literature analyzing executive options generally assumes that they terminate immediately or within a short period after managers exit the firm. 1 In reality, companies have diverse policies, which we call "sunset"
regulations, for how to modify the options of managers who leave the firm.
Sunset rules can lead to major changes in option awards' vesting schedules and expiration dates when managers leave the company. Firms may set their sunset rules either tightly or leniently. Tight sunset rules would imply that a firm is very concerned with worker retention, since option holders exiting the firm would suffer large value losses. Lenient sunset rules might be used for an entirely different motive, to lengthen the investment horizons of managers by allowing them to continue holding their stock options long after they leave the company. Either the retention motive or the horizon motive might be important in companies with significant growth options or long-term investment opportunities.
Our main empirical result is a demonstration that for most firms, the retention motive dominates the horizon motive, as stronger sunset rules related to management retirement are systematically associated with variables related to growth opportunities. We also find that when retirement sunset rules are strong, firms exhibit lower frequencies of management turnover, again consistent with these rules being used for retention. However, we find that sunset rules related to resignations, rather than retirements, are generally quite harsh and exhibit little crosssectional variation related to the characteristics of different firms.
Strong sunset rules also imply material reductions to the apparent award date values of options given to executives who are near retirement age. Using our dataset, we estimate that the sample mean value of new option awards should be reduced by more than half, and total CEO compensation should be reduced by as much as 25%, for CEOs aged 65 and older, if one assumes that these CEOs expect to retire in one year. We also derive large discounts to estimated means of option compensation and total compensation for CEOs at all ages above 60, based upon an assumption that these CEOs expect to retire at age 65.
Although we lack precise data about how frequently sunset rules impact the value of equity compensation, we can infer some basic estimates by studying option holdings and executive turnover in the population of top managers covered by the ExecuComp database for our sample of S&P 500 companies. Within this group, the annual turnover frequency is 2 Turnover rates for lower-level employees are probably higher than these estimates for top managers, implying even greater importance for firms' sunset rules. Although employee turnover data does not exist for individual companies, we tabulate industry level turnover data compiled by the U.S. Bureau of Labor Statistics between 2001 and 2006 in its monthly Job Openings and Labor Turnover Survey (JOLTS) survey. If the firms in our sample exhibited employee turnover at the mean levels of their respective industries in the JOLTS survey, the turnover rate for ordinary workers in these companies would be about 34.0% per year.
3 approximately 12.8%, implying that the half-life of a typical manager's stay with each firm is just over five years and the expected interval between changing jobs is about 7.6 years. 2 At the end of their last years listed on ExecuComp, on average managers hold approximately 5.4 years worth of unexercised option awards. These data are consistent with a clear majority of option exercises taking place after managers leave their companies, implying that firms' sunset rules for vesting, forfeiture, and truncation eventually become operative for most option awards.
Our research adds to a relatively thin literature of four papers that have studied inter-firm differences in the design and implementation of executive stock option plans. These studies include Kole (1997) , who examines companies' different vesting rules for options ; Pasternack and Rosenberg (2003) , who study exercise prices and dividend protection in the option plans of Finnish firms; Chen (2004) , who studies repricing restrictions in U.S. firms' option plans; and Sautner and Weber (2006) , who examine a variety of aspects of European companies' option plans. The Sautner and Weber study is the most comprehensive to date, but the variables it examines, including accounting choices, completeness of disclosure, and performance targets for options to become exercisable, have little relevance for most U.S. firms since accounting and disclosure practices are mandatory, and performance targets for options to become exercisable remain relatively rare.
The remaining sections of this paper are organized as follows. Section II provides a description of the data and an overview of different option sunset rules. Section III studies cross-sectional differences in sunset rules among companies. Section IV provides analysis indicating that sunset rules have significant associations with rates of executive turnover.
Section V contains conclusions.
II

Data description
A. Data collection
Our dataset is drawn form the most recent shareholder-approved equity compensation plans in effect for companies in the Standard & Poor's 500 index in the Fall of 2005. SEC disclosure rules require the full text of each plan to be filed as an attachment to a Form 10-K, 10-Q, 14-A (proxy statement), or 8-K during the fiscal quarter in which the plan goes into effect. In each subsequent year, a company's 10-K filing includes an Exhibit Index cross-referencing the documents where one can obtain the full text of all compensation plans then in effect. These plans usually contain information about the vesting schedules, forfeiture rules, and other parameters of stock option awards, but some plans use vague or general language and leave the specific terms to the discretion of a board of directors subcommittee (usually its compensation or stock option committee). In such cases, we frequently find this information in a term sheet written by the board subcommittee and also filed with the SEC.
Equity compensation plans in many firms also provide for restricted stock, performance shares, or other derivative forms of equity pay. We limit our analysis to stock options, because their role in executive compensation is far larger than these other instruments. Our reading of many firms' plans indicates that restricted stock, when authorized, very often has sunset rules for vesting and forfeiture exactly matching those for stock options, so we believe our conclusions 3 A small number of companies permit minor increases in option life under certain conditions; for example, in cases of death some firms leave intact the expiration date of the decedent's options but specify that the estate will have no less than 6 months to exercise should the options' expiration be imminent. Because these adjustments are rare, generally small, and incompatible with most of our data definitions, we do not incorporate them into our analysis.
5 about option compensation apply in a straightforward way to all types of equity pay. Table 1 indicates that we locate the option plans and/or term sheets for 389 of the 500 companies in the S&P 500 index, and these firms comprise the sample for analysis presented below. Of the 111 S&P 500 companies not in our sample, the large majority lack an SEC filing describing their sunset rules with adequate specificity. A minority of missing firms, 21
companies, are omitted because they either have no option plan in effect or have recently announced an intention to stop awarding options as compensation.
Our data collection focuses on two aspects of stock options: whether the expiration date changes when an executive leaves the firm, and whether provisions for vesting or exercisability change. Table 2 presents basic summary statistics about option life before and after an employee leaves the firm. In the top half of the table, data indicate that ten-year options are awarded by an overwhelming majority of companies, in line with a longstanding practice that can be traced to personal income tax preferences that require options to expire in ten years or less. The lower half of Table 2 shows how much option life is retained by managers who leave their companies, and the full distributions of these data are plotted in Figure I . We report the maximum time permitted for executives to exercise their options; in cases in which the option already had less life remaining than the maximum permitted under the plan, the shorter time will apply. 3 We 5 One firm, Synovus Financial, goes to great length to distinguish between suicides and other causes of death in its 2002 Long Term Incentive Plan, which mentions suicide no less than eight times. Similar to other companies, Synovus in cases of death provides for accelerated vesting of equity compensation and a long period for the optionee's estate to exercise, but only if the deceased manager did not take his own life. The company did not respond to our inquiry asking about the reasons for this safeguard against the moral hazard problem of executives killing themselves in order to achieve more rapid vesting of their options. 6 tabulate data for three different types of departures: resignations, retirements, and deaths. 4 Resignations are mid-career departures of executives who presumably will take other jobs, perhaps with competitor firms. Retirements are distinguished from resignations in most firms by a formula tied to age and years of service, though more than half of our sample companies do not make clear disclosures of these guidelines. In a minority of companies, no distinction is drawn between resignation and retirement, and the same sunset provisions for equity pay apply in either case. Deaths in office are analyzed as a benchmark for the other two categories of departure; deaths present a useful baseline because of the complete absence of any moral hazard issue related to the executive's departure from the firm, as well as the lack of concern that the executive may work elsewhere.
B. Changes to option life
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Data in Table 2 and Figure I show that mid-career resignations generally lead to elimination of the large majority of option life, as more than 85% of companies give managers three months or less to exercise their options after a resignation (just over half of company resignation policies appear to follow the 90-day rule that is the focus of the model in Bulow and Shoven (2005) , though the fraction is far less for retirements and deaths). Retirements are treated much differently. The mean and median option life retained when executives retire is 4.4 and 3.0 years, respectively, and a significant fraction of companies permit executives to hold 6 Earlier vesting would increase the options' subjective value to an employee. However, it could also reduce the expected cost to shareholders by triggering value-destroying earlier exercise. 7 their options for their full term in cases of retirement. For deaths in office, the deceased executive's heirs or estate inherit the right to exercise the option, and the mean and median periods permitted for exercise are 3.2 and 1.0 years, respectively. Figure I shows that, in terms of firms' leniency toward option holders, death represents an intermediate state between resignation, which generally leads to large reductions in option values, and retirement, in which optionees are often treated generously.
C. Changes in vesting schedules
Along with the possible truncation of option maturity, equity compensation plans also include regulations for how to treat options that have not yet vested at the time that an executive leaves the firm. In this case, sunset rules could lead either to a reduction of option value, which would occur if the unvested options are forfeited in whole or in part, or possibly an increase in value, if the executive's departure triggers more rapid vesting of options than would be the case if he stayed employed. 6 Detail about these regulations appears in Table 3 .
The table begins with information about the overall vesting schedules for firms in the sample. Of the 389 firms that we study, we were unable to determine vesting rules for 30, although we do know their sunset rules for treatment of unvested options (whatever the vesting schedule) when an optionee leaves. The remaining 359 firms for which we have complete information feature 89 distinct vesting schedules; the most popular schedules call for annual 7 Some firms make option awards with several different vesting schedules, even though the awards might occur in the same year. In such cases we use the most common schedule, which can usually be ascertained easily from information in the annual proxy statement. A small minority of firms attach performance conditions to the vesting of option awards, particularly for managers at the very top of the hierarchy such as the CEO. We ignore these contingent vesting schedules for purposes of this study and focus instead on vesting schedules for generic options. 8 Options that continue on their original vesting schedules will eventually become exercisable with the passage of time, unless the firm also has truncation rules (see above) that shorten the option life so that the new expiration date falls before the completion of vesting. In contrast, we find a substitute relation between sunset rules and the presence of defined benefit pension plans for CEOs. These pension plans act as management retention devices and are generally structured to give managers incentives to stay with their firms until a "normal retirement age," which is often age 65 (Sundaram and Yermack, 2007) . We use ExecuComp data to identify companies in our sample that also maintain defined benefit CEO pensions; our sample exhibits an almost even 50-50 split between companies that have CEO pension plans and those that do not. We find a clear pattern more lenient sunset rules, which reduce the costs of early exit for CEOs, in firms with CEO pensions, which increase the costs of early exit: for example, the average months of option life retained in retirement are 69 in firms with pension plans vs. 37 in other firms (t-statistic 7.43), and the fraction of firms in which unvested options are forfeited at retirement is 0.32 in firms with pension pans vs. 0.56 in other firms (t-statistic 4.87).
We also examine the related question of whether the value of CEO option awards are adjusted to take account of vesting, forfeiture, and related provisions. Using data for our sample companies in 2004, we model their CEOs' annual stock option award values as a function of standard compensation variables, including firm size, industry, company performance, the CEO's percent ownership, and the CEO's age, among others. As dependent variables we use the Black-Scholes value of each CEO's award, the log of 1 plus this value, and the ratio of stock option award value to total compensation. We augment these regressions with various measures of the strength of each firm's sunset rules, including the weighted average time for options to vest, a dummy variable for whether unvested options are forfeited upon retirement, the number of months of option life retained by executives who retire, and the fraction of option award value lost when an executive receives an award and retires on year later. Despite trying various combinations of regressor variables, we find almost no evidence of statistical significance for any of the sunset rules upon cross-sectional values of awards to individual CEOs. Thus, neither the value of a CEO's option award nor the fraction of his total compensation in the form of options appear to be related to sunset provisions. 9 The clearest demonstration of this appears in Table 1 of Coughlan and Schmidt (1985) , the first published study of CEO turnover. That table shows that the unconditional turnover frequency for CEOs spikes upward at ages 63, 64, and 65, and that less than 10% of CEOs in office at any given time are over 65. More recent studies feature similar statistics; for example, Huson, Malatesta and Parrino (2004) show that the mean age for departing CEOs is 61.6 years, and the median is 63, with a standard deviation of 5.85 years. Hayes and Schaefer (1999) report mean ages of 61 for CEOs who die in office and 51 for CEOs who resign to take the top job at other firms.
E. Sunset rules and the apparent award date value of executive options
Studies of executive turnover suggest that a large majority of managers should expect to leave their companies at or before age 65. 9 This timetable should affect the apparent value of new stock option awards to recipients with ages in the early to mid 60s. Members of this cohort would ordinarily not expect to remain employed for the entire option term, meaning that their firms' sunset rules would very likely lead to modifications in their options before expiration. We assess the impact of sunset rules upon ex ante option valuations using data about the stock option awards received by CEOs of our sample firms in 2004. We assume that each CEO will retire at age 65 or, if already past 65, then one year after the award. We recognize that these retirement assumptions are stylized and do not reflect the possibility of retirement dates depending endogenously upon sunset rules, so our results should be interpreted as suggestive.
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For each actual CEO option award award, we ascertain how much, if any, would not have vested by the expected retirement date of age 65, and we apply the company's sunset rules for forfeiture and/or accelerated or pro-rata vesting, as appropriate. We also assume that the options' life is expected to change at each CEO's retirement, again using the company's sunset rules, and we use these rules to calculate shortened expiration dates for each CEO's options 11 For option valuation we use the Black-Scholes approach for ease of calculation. Many other valuation techniques have been applied to executive options, including binomial, stopping state, lattice, and utility-based models. Most of our analysis focuses upon the relative loss in option value caused by different sunset regulations, and we believe that within reasonable tolerances, these relative differentials should generally be invariant to the choice of valuation model. See Ammann and Seiz (2004) . 12 whenever such an adjustment is relevant. 11 The impact of the sunset rules is significant: the values of options awarded to CEOs aged 61-62 should be reduced by a mean of 13%, while the mean reductions for CEOs in the two older age groups are 44% and 53%, respectively. Because option awards comprise roughly half of total CEO compensation for our sample firms, the impact of these reductions is extremely important.
Two qualifications to this analysis are important. First, many approaches to valuing executive options use a reduced expected option life to reflect the possibility of early exercise. If these reductions were imposed across-the-board, the dollar-value reductions calculated above would diminish. Second, the differences in option value that we find do not carry over as dramatically to calculations of incentives, as measured by the deltas of options or their change in value with respect to the underlying stock price.
III
Cross-sectional determinants of sunset rules
A. Hypotheses
Having described the distribution of sunset rules across companies, we now analyze how the strength of these rules varies cross-sectionally. Our null hypothesis is that sunset rules occur randomly with no systematic connection to other firm characteristics. We explore two alternative hypotheses, related to well-known theories about how equity compensation is used to influence the long-term relationships between top executives and their firms. These theories have evolved around two main concerns: lengthening executives' investment horizons, and discouraging valuable executives from leaving the company.
In the academic literature, much of the early theoretical treatment of executive options studied whether they could influence managers to choose investment projects with long-horizon payoffs. Dechow and Sloan (1991) is probably the examplar of this line of research, which focused upon using equity compensation to counter incentives for managers to cut investment spending in order to increase accounting profits near the end of their careers. Some empirical evidence for the horizon problem appears in Murphy and Zimmerman's (1993) study of company financial performance surrounding CEO turnover events.
If the horizon problem represents an important factor in management compensation, its influence should be most apparent in companies characterized by valuable long-term investment opportunities, loosely described as growth firms. These companies tend to require highly skilled managers who have expertise in selecting and implementing investments from the menu of a firm's potential projects (Smith and Watts, 1992) . Awarding these managers equity pay, especially in the late stages of their careers, would give them a financial stake in the payoffs of these projects even beyond the dates at which they separated from their firms. We therefore test the alternative hypothesis that sunset rules are set leniently in growth firms in which human capital represents an especially important input to the value creation process.
A separate hypothesis, yielding an opposite set of predictions, arises from the widely recognized use of stock option compensation as an employee retention device. Following this theory, sunset rules should be set tightly rather than leniently in firms for which human capital is especially important, in order to prevent managers either from retiring too early or from resigning to work for a competitor. The retention theory, sometimes known as "golden handcuffs," is therefore more concerned with securing the services of good managers so that they can choose the next generation of a firm's investments, as opposed to influencing the payoff horizon of the investments they might select. The retention aspect of equity pay has been highlighted by many authors, beginning at least with Smith and Watts (1992) 
B. Variable definitions
We use regression analysis of the sunset rules in our sample of S&P 500 companies to test the competing hypotheses of whether growth companies with valuable human capital set their sunset rules loosely, due to investment horizon concerns, or tightly, for retention reasons.
These two alternative hypotheses are tested against a null hypothesis that sunset rules are established without attention to firm characteristics. We estimate regressions that follow the general form: We construct a measure of the percent of option award value lost when a hypothetical employee at each sample firm receives a new option award and then retires one year later. So that our variable will show clearly the effects of forfeiture and truncation rules, we use fixed assumptions for all companies for the exercise price ($25.00), stock price ($25.00), volatility (0.30), dividend rate (0.015), and risk-free rate (0.045), and we calculate a benchmark BlackScholes option value for each firm under these assumptions. We then determine how this benchmark value would change if the executive retired one year after the award, with the firm's rules about vesting, forfeiture, and maturity truncation becoming operational at that time. Table   5 shows that the median retirement adjustment to options reduces their award value by 65.7%, and the inter-quartile range of this variable is quite large, from 22.3% at the top of the first quartile to 91.4% at the top of the third. The Appendix contains examples of how this calculation would be derived using the sunset rules in effect for two well-known companies.
We construct a similar measure of the value lost under an assumption that an executive receives a new option award and then resigns, rather than retires, one year later. As shown on the next line in Table 5 , the value consequences of resignation are generally far more severe than those for retirement. The mean and median retirement adjustments to options reduce their value by 95.1% and 95.9%, respectively, and even at the 10 th percentile of the distribution the adjustment recoups 92.1% of option value for the firm.
To measure the degree to which a firm's sunset rules discourage employees from working elsewhere after they retire, we compare each firm's treatment of options for executives who retire with options held by those who die. Specifically, we calculate the value lost for an executive who receives a new option award and then dies one year later. We then compare the value losses for executives who die and those who retire (using the variable above), and create a binary (0, 1) variable that equals one if the retirement value loss is equal to or greater than the death loss. Firms for which the value equals one would appear to be those most concerned about the possibility of a retired executive working elsewhere, since this cannot happen when executives die. Table 5 shows that 36% of companies have sunset rules that take equal or greater option value away from retirees compared to decedents.
These seven variables, listed in the top rows of We use a number of explanatory variables to identify growth firms in which highly skilled managers are especially valuable. Research and development expense divided by net sales serves as a proxy for the presence of growth opportunities. When this value is missing from the Compustat database, we set it equal to zero. We identify growth firms using the compound annual growth rate of net sales for each company in the five-year period 1999 to 2004. To identify industries in which strategic considerations make management retention important, we use the Herfindahl Index, which measures the degree of competition within an industry. We construct the index at the three-digit SIC level using annual data for net sales, and it equals the sum of the squared market shares of each company in the industry. The index takes a high value when an industry has strategic interaction among a few large players and the cost of defections by key employees is potentially high. Our regression results appear in Table 6 , which presents estimates for firms' weighted average vesting schedules as well as the four other dependent variables associated with retirement sunset rules: the maximum time permitted to exercise options in retirement, an indicator variable for the forfeiture of all unvested options at retirement, the percentage of option value forfeited in each firm by an executive who retires one year after receiving new options, and an indicator variable for firms whose sunset rules impose equal or greater financial penalties upon executives when they retire compared to when they die in office. Along with coefficient estimates for our main independent variables, we tabulate coefficients for the software industry dummy variable, both because of the evident importance of human capital as an input in this industry, and also because the use of options for compensation by software firms has attracted enormous attention from both academics and business journalists.
In Table 6 statistically significant estimates occur across many of the five regressions. In general, sunset rules appear stronger in companies that are smaller, younger, and faster growing, as shown by estimates in the first three rows of the table. These findings are broadly consistent with the retention hypothesis, indicating that knowledge-based firms with high needs to retain valuable human capital have the strongest retirement sunset rules, since these companies tend to be young, small, and fast-growing. The results do not support the horizon hypothesis, which predicts more lenient sunset rules for firms with more skilled managers. Further confirmation of the importance of the retention hypothesis appears in estimates in subsequent rows of Table 6 .
The Herfindahl index is significant in two out of five models, with signs in a direction implying tighter sunset rules when management retention is important due to strategic interaction with other firms in an industry. The Garmaise (2006) non-compete enforcement index has significant estimates in three out of five models, all again in a direction consistent with tighter sunset rules when managers are at greater risk of leaving the firm. The software industry dummy variable has significant estimates in two out of five models, both with signs implying tighter sunset rules when growth opportunities are high. Neither the R&D / sales nor the industry quit rate variables generate significant estimates.
Two further patterns in Table 6 appear important to us. First, our measure of option plan breadth has little association with the strength of firms' retirement sunset rules. This seems to imply that worker retention concerns, to the extent they influence option plan design, extend well beyond members of top management down into the ranks of middle and lower management.
Second, we observe almost no statistically significant estimates in our regression on the left of We also estimate regressions in which the dependent variables are recomputed to reflect resignation, instead of retirement, sunset rules. These regressions' results generally fail to yield significant estimates, so we do not tabulate them in order to save space. This outcome is not surprising given the lack of variation in the dependent variables documented above, but it poses some difficulty for our interpretation that sunset rules arise mainly to influence managerial retention rather than to lengthen managers' investment horizons. One might expect retention concerns to be greatest in the middle of managers' careers, when any exit from the firm would be considered a resignation rather than a retirement, while horizon concerns would be greatest at the end of a managers' careers, when exit would be considered retirement. We find little variation in sunset rules for resignations, and tighter sunset rules among growth companies with respect to retirements, an outcome that indicates a concern for retention at the end of managers' careers, rather than at the middle. We conclude that the golden handcuff components of sunset rules appear to be a significant factor in deterring early retirements of skilled workers, but we do not find evidence that they are designed to discourage mid-career defections.
IV Sunset rules and executive turnover
Analysis above suggests that options' sunset rules are set by companies to help them retain valuable employees. Numerous studies have documented the costs and benefits of retaining skilled managers, including the role of executive compensation plans. Hayes and Schaefer (1999) show that when CEOs are hired by one firm from another, the hiring firm's stock price increases significantly while for former firm's price falls. Clayton, Hartzell and Rosenberg (2005) find that stock volatility increases after episodes of CEO turnover, apparently due to the market's uncertainty about the ability of the successor CEO. Fee and Hadlock (2003) show that firms hiring CEOs from outside make large equity compensation grants to them, to offset the compensation they forfeit when leaving their prior firms. Sundaram and Yermack (2007) find that defined benefit pension plans are effective in retaining managers until they reach a target retirement age and in inducing them to retire at that point. In this section, we attempt to extend this literature by investigating the connection between sunset rules and actual rates of executive turnover.
Research into firms' rates of worker turnover is difficult, because no statistics are publicly reported about worker attrition, and it is not even clear that firms compile this data.
Prior firm-level research into employee turnover has generally been limited to the five most highly paid officers of a firm as listed in the compensation section of the annual proxy statement;
when an executive appears in the proxy statement one year and is omitted the next year, the convention is to assume that the executive has left the company. We adopt this convention as well, although we note that it will somewhat over-estimate actual turnover rates, because it is possible for executives to remain employed but see their position in the firm's compensation hierarchy fall so that they are no longer among the five most highly paid.
We use the ExecuComp database to calculate turnover rates for top-five managers in each company. We record every individual listed in proxy statements from 2004 back to 1992, or as long as the company is covered by ExecuComp. We identify the executive's last year in the database as a turnover year (we reserve data from 2005 to determine turnover cases for 2004).
We divide the number of turnover observations for each company by the total number of personyears covered by ExecuComp. As shown in Table 4 , mean and median values for this turnover variable are 12.8% and 12.5%, respectively, substantially lower than the data for industry turnover rates for workers at all levels of the firm. Estimates in the left column of Table 7 show insignificant association between executive turnover and variables measuring the sunset rules related to vesting, forfeiture, and truncation.
Our control variables for stock returns and stock volatility are each strongly significant with the expected signs. We proceed to adjust our model to account for the endogeneity of the sunset rules. As shown by the analysis in Table 6 above, each firm's policy for the vesting, forfeiture and maturity of retirees' options is not exogenous but instead depends on the firm's size, age, industry, and to a certain extent, its need to retain skilled workers. To take account of this endogeneity, we re-estimate the turnover regression in Table 7 by replacing the retiree option maturity variable with its fitted value, using output from the OLS regression in Table 6 that predicts the option life retained in retirement by executives at each firm. This instrumental variable approach should be properly identified since certain independent variables in Table 6 especially firm age and firm size -should not have any association with the error terms in Table   7 's model of management turnover frequencies. Our two-stage estimates, shown in the second column of Table 7 , now indicate a positive estimate for the option maturity variable, significant at the 5 percent level. Similar estimations using fitted values of the vesting and forfeiture variables do not lead to significant results.
We conclude that sunset rules for setting option maturities in retirement have important effects upon executive turnover. The point estimate in the right column implies that adding one year (or 12 months) of maturity to retirees' options would be associated with a 0.4 percentage point annual rise in the frequency of management turnover, compared to the unconditional mean of 12.8%.
A recent paper by Carter and Lynch (2004) uses an alternative measure of employee turnover based upon the cancellation rates of stock options as disclosed in footnotes to firms'
annual Form 10-K filings. The authors assume that option cancellations are correlated with workers' departure rates from the firm, and they find that cancellations are reduced when a company reprices its options. We obtain data on option cancellations for all of the firms in our sample, and we find mean and median values for the option cancellation rate of 4.8% and 3.7%, respectively, numbers that are implausibly low as estimates of overall employee turnover. When we reestimate the regressions in Table 7 using this quantity as the dependent variable, all of the important explanatory variables' coefficients fail to have statistical significance.
V. Conclusions
This paper investigates sunset provisions of executive stock options, showing that when managers leave their firms, their options become subject to a variety rules related to options' exercisability and expiration. These rules vary considerably across companies. Some firms with lenient sunset provisions permit exiting managers to retain their options for many years and provide for continuing or even accelerated vesting of options when managers exit the company.
In contrast, other firms have less lenient regulations that lead to shortened option lives and forfeiture of unvested awards.
13 A large number of companies require forfeiture of all options if an executive does not stay with the firm for at least one year after the award date. For that reason, in most of our models and calculations we adopt the convention of assuming that managers leave the company, for whatever reason, one year or more after the award date.
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Along with our documentation of the variety and magnitude of these sunset provisions, we develop a number of empirical results. We document the impact of sunset rules upon the apparent values of new stock options when awarded to managers who expect to retire before the options expire; our results imply that estimates of option values and total compensation for older CEOs should be discounted substantially. We find that the strength of sunset rules varies company-by-company in relation to each firm's size, age, skilled labor demand, and the degree of competitive rivalry within an industry. In general, sunset rules are stronger when firms should have a high need to retain valuable human capital. Consistent with this interpretation, we find a positive association between the leniency of firms' sunset provisions and the rate at which top managers exit the firm.
Appendix: Operation of sunset rules at two companies
In Figures A-I and A-II, we study the effects of sunset rules upon hypothetical option awards to managers who expect to retire in one year at two well-known S&P 500 companies, Time Warner and Viacom. In Figure A -I, the top illustration shows that Time Warner's option awards consist of four equal tranches, one of which becomes exercisable on each of the first through fourth anniversaries of the award date, and all of which expire after ten years. The lower illustration shows how these tranches are treated if a manager retires from the company one year after receiving an option award. 13 According to Time Warner's policies, all tranches vest immediately at retirement, but their expiration is shortened to five years from the retirement date, effectively turning ten-year options into six-year options in our example. As shown in Table A1 , an executive who expected ex ante to retire from Time Warner one year after his option award date would perceive the Black-Scholes value of these options as being 16% lower as a result of the foreseen truncation of their original expiration.
Viacom is a company similar to Time Warner in size and industry, and it also awards tenyear options that vest ratably over the first four anniversaries after the award date. However, as shown in Figure A -II, executives who retire from Viacom obtain far less generous treatment of their options than those who retire from Time Warner. If an executive retires one year after receiving a new option award, Viacom's option plan requires forfeiture of the three unvested tranches, representing three-fourths of the entire award, and the remaining tranche has its expiration truncated from the tenth anniversary of the award date to the fourth. Together, these changes, if anticipated ex ante by a manager expecting to retire, would reduce the award date value of the option by about 83%, as shown in Table A1 .
Table 1 Sample selection
Sample selection for a study of stock option plans in effect for the S&P 500 firms as of Fall 2005. Stock option plans are available as attachments to firms' 10-K, 10-Q, Proxy or 8-K SEC filings. Some firms provide additional detail about option awards in annual term sheets that are also filed as attachments to these documents. Companies are excluded from the study if they do not have an active stock option plan on file or their plan does not include adequate detail about the treatment of options when employees leave the company.
Companies in S&P 500
Firms excluded: Table 5 Descriptive statistics for variables Descriptive statistics for key variables used in regression analysis of stock option plans maintained by 387 S&P 500 firms in 2005. Data on vesting and forfeiture terms for stock options are tabulated from equity compensation plans filed with the SEC by 389 companies. The variable measuring option value lost at retirement is based upon the costs to a hypothetical executive who is awarded at-the-money options and retires one year later. Calculations of these option value losses use the Black-Scholes method and assume a stock price and exercise price of $25.00, volatility of 0.30, risk-free rate of 0.045, dividend rate of 0.015, and each company's policies for vesting, forfeiture and truncation. Company volatility data is calculated based upon up to ten years of monthly stock returns for each firm. The Herfindahl index is based upon firms' sales data and is tabulated at the three-digit SIC level. Option plan breadth is the total fraction of each firm's options awarded to persons other than the top five executives, based on the company's entire history on the ExecuComp database. The variable measuring years since the IPO date is capped at 80 years, the oldest age available on the CRSP database. The industry quit rate is tabulated from Bureau of Labor Statistics survey data. The non-compete enforcement index is a count variable between 0 and 12 obtained from Garmaise (2006) Table 6 Cross-sectional determinants of option sunset rules at retirement Regression estimates for models of various regulations contained in S&P 500 companies' stock option plans as of 2005. The dependent variable in the first column equals the weighted average number of months for a company's stock option awards to vest. The second column's dependent variable equals the maximum number of months permitted for a retiring employee to exercise vested stock options, multiplied by 10 -2 for display purposes. In the third column, the binary dependent variable equals one if an executive forfeits unvested options at retirement. The dependent variable in the fourth column equals the percentage of option award value lost at retirement by a CEO who receives new options and retires one year later. The binary dependent variable in the right column equals one if the value lost by executives who retire equals or exceeds the value lost by executives who die in office. Among the explanatory variables, firm age is capped at 80 years, the oldest age available on the CRSP database. The industry quit rate is computed from Bureau of Labor Statistics data. The non-compete enforcement index is a count variable between 0 and 12 reported by Garmaise (2006) Significant at 1% (a), 5% (b), and 10% (c) levels.
Table A1
Value of adjustments to option terms when managers retire
The table shows the value consequences of adjustments to stock option awards when managers retire from two companies, using the hypothetical example of a 64-year-old executive who receives new options when planning to retire one year later at age 65. Under the option plans of each company, a new award vests in four annual tranches, and each firm has different rules for whether the tranches are subject to the possibility of forfeiture and/or reduced time to expiration when the optionee retires. The first area of the table shows a "base case" option award that has no forfeiture and no shortened expiration when the optionee retires. The second area of the table shows data for Time Warner, which truncates all option tranches to a maximum of 5 years from an optionee's retirement date but requires no forfeiture of unvested options. The third area of the table shows data for Viacom, which requires forfeiture of three out of the four award tranches if the optionee retires, while shortening the reamaining life of the fourth tranche to a maximum of 3 years. Value calculations, which use the Black-Scholes method, are based on the same set of input parameters for both companies: award date stock price and exercise price of $25.00, volatility of 0.30, risk-free rate of 0.45, and dividend rate of 0.015. The figure shows the distribution of executive stock option maturities that managers in different companies would receive upon exiting their firms while holding unexercised options. The three lines tabulate firms' policies for managers' retirements, resignations, and deaths, with the differentiation between retirements and resignations generally depending on age and service criteria. In all cases, the value tabulated is the maximum maturity allowed to a manager; if the original option expiration date precedes the maximum time allowed, the manager simply retains the original expiration date. Data is obtained from executive compensation plan documents filed by 389 S&P 500 firms with the SEC for the year 2005. The figure shows the intervals during which the separate tranches of an executive stock option award would be exerciseable for managers at Time Warner Inc. who retire one year after receiving an award. The top graph shows a typical award with a ten-year time to expiration and four tranches, which vest sequentially after each of the first four years. The bottom graph shows adjustments to the award if the option holder were to retire at the end of the first year. All of the tranches would vest immediately, but their expiration dates would be shortened from the tenth to the sixth year. The Black-Scholes value lost to the optionee as a result of these changes equals about 16% of the award date value, as shown in Table A1 . The figure shows the intervals during which the separate tranches of an executive stock option award would be exerciseable for managers at Viacom Inc. who retire one year after receiving an award. The top graph shows a typical award with a ten-year time to expiration and four tranches, which vest sequentially after each of the first four years. The bottom graph shows adjustments to the award if the option holder were to retire at the end of the first year. Three of the four tranches would be forfeited, and the expiration date for the other tranche would be shortened to the fourth year. The Black-Scholes value lost to the optionee as a result of these changes equals about 83% of the award date value, as shown in Table A1 .
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